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(4) 我们利用单历元维里化黑洞质量估计方法(H和Mg II )测量了中心超大质量
黑洞的黑洞质量。利用这些结果，我们讨论了黑洞质量－星系恒星的总质量这



















































In this dissertation, I present the results of work to improve our understanding
of black accretion on various scales, i.e., from stellar black holes to supermassive
black holes (SMBHs). I address these topics by utilizing both theoretical modeling
and multi-bands (from Far infrared to X-rays) and multi-messenger (including gravita-
tional waves) observations. Using these results, I investigate gravitational waves as a
probe of the central engine of gamma ray bursts (GRBs), the existence of intermediate
mass black holes (IMBHs) in globular clusters, the variability of active galactic nuclei
(AGNs), and the co-evolution between SMBHs and their host galaxies. The scope of
this dissertation is as follows.
In Section 2, we explore the radio emission as a probe of IMBHs in globular clus-
ters. Motivated by recent numerical simulations and observations, we argue that the ac-
cretion flow near the IMBH is likely suffered from strong outflows. As a consequence,
most of the energy released in the accretion flow is lost due to outflows. Therefore,
the radio signal from the IMBH accretion system can be extremely week, and current
surveys are too shallow to rule out the existence of IMBHs in globular clusters.
In Section 3, we investigate the gravitational waves produced due to the precession
of jets in gamma ray bursts. In our model, the central engine of gamma ray bursts
is assumed to be neutrino cooling dominated accretion flow. The precession of jet
is caused by the precession of the inner accretion flows (which is aligned with the
spin of the central black hole) regarding the outer part of the accretion flows (which
is misaligned with the spin of the central black hole). As the inner accretion flow
precess, the system emits gravitational waves. We compare our predictions to several
future gravitational wave detectors. Our results suggest that future gravitational wave
observatory can effectively probe the central engine of gamma ray bursts.
In Section 4, we study the evolution of 69 Herschel-detected broad line active
galactic nuclei (BLAGNs) in the black hole mass-galaxy total stellar mass plane.
BLAGNs are selected from the COSMOS and CDF-S fields, and span the redshift range
of 0:2  z < 2:1. Black hole masses are calculated using archival spectroscopy and
single-epoch virial mass estimators, and galaxy total stellar mass are calculated by fit-
ting the spectral energy distribution (subtracting the BLAGNs component). The mass-
growth rates of both the black hole and galaxy are calculated using Chandra/XMM-
Newton X-ray and Herschel far-infrared data, reliable measures of the BLAGN accre-
tion and galaxy star formation rates, respectively. We use Monte Carlo simulations to
account for selection biases in our sample. We find our sample is consistent with no
evolution in the black hole mass-galaxy total stellar mass relation from z  2 to z  0.
BLAGNs and their host galaxies which lie off the black hole mass-galaxy total stellar














We also use the measured growth rates to estimate the preferred AGN duty cycle for
our galaxies to evolve most consistently onto the local black hole mass-galaxy bulge
stellar mass relation, and constrain the duty cycle to be  10%.
In Section 5, we focus on improving the largest uncertainty in high-redshift
SMBH-hosts studies: the uncertainty in black hole mass. We explore the ensemble
variability of quasars in broad emission lines (H and Mg II ) and UV/optical contin-
uum emission using data from the Sloan Digital Sky Survey Reverberation Mapping
Project. Our work showed that Mg II is significantly variable (f=f  10% on 100-
day timescales), a necessary prerequisite for its use for reverberation mapping stud-
ies (especially at z  1). The data also confirm that continuum variability deceases
with luminosity, and the continuum light curves are consistent with a damped random-
walk model. We compare the emission-line and continuum variability to investigate
the structure of the broad-line region. Broad-line variability shows a shallower increase
with timescale compared to the continuum emission, demonstrating that the transfer
function is not a -function. H is more variable than Mg II, suggesting different line
generating processes for each emission line. Our results have important consequences
for future studies of reverberation mapping.
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